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Abstract 
A problem with the current probabilistic flood 
prevention strategy in the Netherlands is that it 
builds on knowledge about the probability 
distributions for extreme discharges, which are 
subject to considerable uncertainties due to 
limited peak discharge records and climate 
change. It is inherent to this strategy that the 
actions taken to reduce the flood risk are not 
anticipatory but following. In the historic flood 
prevention strategy (practised until the 1950s), 
referred to as the ‘self-learning dike’, the dike 
height is kept at a level equal to the highest 
recorded water level in history plus a certain 
safety margin. The two flood-prevention 
strategies are compared on the basis of the 
average flooding safety during a 100-year 
period, with the Rhine River at Lobith taken as 
case example. The results indicate that the 
self-learning dike performs as well, even 
slightly better, as the probabilistic design in 
terms of safety and reasonably in terms of the 
size and number of adaptations of the dike 
height, even under climate change.  
 
Problem 
The current Dutch probabilistic strategy for 
adapting the heights of river dikes is based on 
a dike height corresponding to a peak 
discharge with a 1250-year return period, on 
top of which a freeboard of 0.5 m is added 
(MTPWW, 2005). This approach is affected by 
uncertainty in the peak discharge statistics due 
to a lack of data records of sufficient length, 
natural variability and e.g. climate change (Fig. 
1). Therefore, we propose an alternative 
 
2 10 100 1250 10000
0
5
10
15
20
25
30
1993
1995 1926
Y
ea
r M
ax
im
um
 D
is
ch
ar
ge
 in
 1
00
0 
m3
s-
1
Return Period in Years
Gumbel Distribution
95 % confidence limits
Gringorten plotting positions
 
 
Figure 1. Uncertainty in the peak discharge statistics for 
Lobith. 
 
strategy: the self-learning dike. In this 
approach the dike height is adapted when the 
water level exceeds the dike height minus a 
safety margin.  
 
Methodology 
For each simulation the historic discharge time 
series for the period 1901-1998 (Parmet et al., 
2002) is extended with an artificial 100-year 
time series of peak discharges, which are 
generated with:   
  
),,(1 σμtt xFQ −=  (1) 
  
where Qt is the peak discharge in year t, F is 
the cumulative probability function for the 
Gumbel extreme value distribution (Shaw, 
2002) with mean μ and variance σ 2 that are 
obtained from the historic record of peak 
discharges, and xt is a random number drawn 
from the random uniform distribution on the 
range [0,1]. For the probabilistic strategy these 
two parameters are updated every five years, 
based on the extended peak discharge record. 
The simulations were repeated 100,000 times. 
A safety margin of 0.99 m is used for the self-
learning dike to ensure that the initial dike 
height is identical for both strategies.  
 
Scenarios  
The artificial 100-year peak discharge record 
was obtained for three different scenarios:  
1. peak discharge distribution based on 
(extended) time series without uncertainty; 
2. peak discharge distribution with variance in 
the Gumbel parameters;  
3. climate change: peak discharge distribution 
based on a gradual trend in the Gumbel 
parameters corresponding to an increase of 
the 1250-year peak discharge from 16,000 
m3s-1 to 18,000 m3s-1.  
 
Results 
Fig. 2 demonstrates the principle of the self-
learning dike for a particular simulation with the 
climate change trend. In this case the self-
learning dike is adapted three times more often 
and overtops one time less.  
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Figure 2. Maximum water level (solid) and dike height for 
the probabilistic (long dash) and self-learning (short dash) 
dike strategy during the 100-year period.  
 
Table 1 compares the two design strategies for 
the third scenario.  
 
Table 1. Effect of strategy on the safety and dike 
adaptations during a 100-year period for the scenario with 
climate change trend.  
 
The results indicate that, even under climate 
change, the self-learning dike performs slightly 
better in terms of the average safety. Although 
the average number of dike adaptations is 
larger for the self-learning dike, extra height 
per adaptation remains reasonable.  
 
Conclusions 
We only considered dike overtopping as a 
failure mechanism, with dike heightening as 
the appropriate measure. We acknowledge the 
relevance of other dike failure mechanisms and 
the importance of analysing how effects of 
flooding can be reduced in addition to 
examining methods to reduce flooding 
probabilities (Hoekstra, 2005). Nevertheless, 
any flood security policy will need to include 
some policy towards dike heights. Three 
important advantages of the self-learning dike 
are:  
• the use of a simple rule for response which 
needs recording of peak water levels only 
and is easier to implement; 
• no dependency on uncertainties in the 
extrapolation of discharge statistics, nor on 
the use of an uncertain discharge–water 
level relationship; 
• in terms of safety communication towards 
the protected population the rule of the self-
learning dike is more transparent.  
 
The general conclusion is that, on average, the 
self-learning dike is at least as safe as the 
probabilistic design. The advantage of the self-
learning dike is its simplicity in terms of 
communication, transparency, data and 
calculation requirements and monitoring. 
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Strategy 
Performance 
Prob.    
dike 
Self-
learning 
dike 
Avg. number of dike 
overtopping instances 
during 100 years 
0.038 0.031 
Avg. number of dike 
adaptations during 100 
years 
1.01 1.58 
Avg. extra height per 
adaptation (cm) 0.61 0.22 
